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synthesis of some novel
functionalized heterocyclic amino ester and amide
derivatives with multiple stereocenters†

Anas Semghouli,ab Attila M. Remete*a and Loránd Kiss *b

The synthesis of some novel functionalized fused-ring b-amino lactones and lactams with multiple chiral

centers has been attempted from readily available strained bicyclic b-amino acids via a stereocontrolled

synthetic route. The key step was ring-rearrangement metathesis of allyl/propargyl esters or N-allylated/

N-propargylated amides of (oxa)norbornene b-amino acids. The RRM transformations [ring-opening

metathesis (ROM)/ring-closing metathesis (RCM) or ring-opening metathesis (ROM)/ring-closing enyne

metathesis (RCEYM)] have been investigated using some commercially available catalysts. Importantly,

the procedure used in this synthetic process does not affect the configurations of the chiral centers. This

means that the structure of the starting (oxa)norbornene b-amino acids predetermines the configuration

of the formed products.
Introduction

During olen metathesis, olens (alkenes) are cleaved into
alkylidene fragments, which are subsequently reassembled to
new olens. This process has a number of attractive features.
First of all, commercially available Ru-based metathesis cata-
lysts (Fig. 1) possess good functional group tolerance and they
are robust (tolerate oxygen and moisture to an extent).
Furthermore, metathesis transformations are stereocontrolled,
because they only affect the sp2 carbons of the C]C bonds,
while chiral sp3 centers are untouched. Finally, metathesis
processes are versatile. The most important subtypes are ring-
opening metathesis (ROM), ring-opening metathesis polymeri-
zation (ROMP), ring-closing metathesis (RCM), acyclic diene
metathesis polymerization (ADMET), cross metathesis (CM),
cross enyne metathesis (CEYM), ring-closing enyne metathesis
(RCEYM), and ring-rearrangement metathesis (RRM). With
everything taken into account, it is not surprising that olen
metathesis became a powerful and increasingly applied tool in
organic synthesis during the last decades.1–11

Ring-rearrangement metathesis (RRM) is a domino process,
where ring-opening metathesis is followed by closure of a new
ring via another olen metathesis process. The most common
RRM sequences are ROM/RCM and ROM/RCEYM (see Scheme
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1). Ring-rearrangement metathesis excels in fast and efficient
generation of structurally complex frameworks.8–11 Scheme 2
depicts the synthesis of some natural products via RRM.10

Lactones or lactams are widespread amongst natural prod-
ucts. These compounds possess high structural diversity and
a wide range of bioactivities, being a very important compound
class. Not surprisingly, their synthesis received great attention
in pharmaceutical and medicinal chemistry. Scheme 3 depicts
some syntheses which utilize olen metathesis for ring
closure.12,13

Earlier, our research group applied ring-rearrangement
metathesis of easily accessible strained carbocyclic N-allylated
or N-propargylated b-amino esters to obtain azaheterocyclic b-
amino esters in a stereocontrolled fashion (Scheme 4).14–16

To demonstrate the versatility of the method, the aim of the
current work was the application of RRM to access b-amino
lactones and b-amino lactams. The starting compounds
were either allyl/propargyl esters of (oxa)norbornene b-amino
acids or the analogous N-allylated/N-propargylated amides
(Scheme 5).
Results and discussion

Initially, we focused on the application of the ROM/RCM
protocol. First, N-protected diexo amino acid (±)-17 (ref. 17)
was subjected to O-allylation. The resulting ester (±)-18 was
then treated with various metathesis catalysts in the presence of
ethylene.18 Unfortunately, olen metathesis stopped aer the
ring opening step, with the only product being amino ester
(±)-19 (Scheme 6). The most efficient catalyst was G-1, but all
four catalysts provided the product in good yields. Treating
isolated (±)-19 with metathesis catalysts in CH2Cl2 at room
RSC Adv., 2023, 13, 22769–22776 | 22769
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Fig. 1 The most commonly used commercially available Ru-based metathesis catalysts. Cy = cyclohexyl, Mes = 2,4,6-trimethylphenyl.

Scheme 1 General mechanisms of the most common ring-rearrangement metathesis processes.

Scheme 2 Synthesis of natural products via ring-rearrangement metathesis.

22770 | RSC Adv., 2023, 13, 22769–22776 © 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 3 Synthesis of naturally occurring lactams and lactons via olefin metathesis. The lactam/lactone motif is highlighted. PMB = 4-
methoxybenzyl, Mes = 2,4,6-trimethylphenyl.

Scheme 4 Earlier work: synthesis of azaheterocyclic b-amino esters via ring-rearrangement metathesis. X = O, CH2. PG = Boc, Ts.
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temperature or under reux failed to trigger RCM. N-Allylated
amide (±)-20, obtained via DCC-mediated coupling of
compound (±)-17 with allylamine, behaved in a way similar to
its ester analogue (±)-18 (Scheme 6), but its ROM was the most
efficient with HG-1 catalyst.
Scheme 5 Current goal: synthesis of b-amino lactones and b-amino lac

© 2023 The Author(s). Published by the Royal Society of Chemistry
Our next substrates, ester (±)-23 and amide (±)-25 were
prepared from N-Boc-protected diendo amino acid (±)-22 (ref.
17) via the methods shown on Scheme 6. Unfortunately, the
desired RRM process did not occur, only ring-opened products
(±)-24 and (±)-26 were formed. The best yields were achieved
tams through ring-rearrangement metathesis. X = CH2, O; Y = O, NH.
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Scheme 6 Attempted ring-rearrangement metathesis of diexo norbornene b-amino acid derivatives (±)-18 and (±)-20.

Scheme 7 Attempted ring-rearrangement metathesis of diendo norbornene b-amino acid derivatives (±)-23 and (±)-25.
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with G-2 catalyst, but other catalysts also provided the products
in similar good yields (Scheme 7). Treatment of isolated (±)-24
and (±)-26 with metathesis catalysts failed to trigger the desired
RCM process.

Aerwards, compound (±)-27 (ref. 19) was used to synthesize
oxanorbornene b-amino acid derivatives (±)-28 and (±)-30.
Again, when compounds (±)-28 and (±)-30 were subjected to
22772 | RSC Adv., 2023, 13, 22769–22776
olen metathesis, the transformation stopped aer the ROM
step, and attempts to force RCM of products (±)-29 and (±)-31
were unsuccessful (Scheme 8).

Taking into consideration the failure of the ROM/RCM
protocol, we turned our attention towards the ROM/RCEYM
pathway. First, diexo ester (±)-32 was prepared by O-prop-
argylation of compound (±)-17. Its ring-rearrangement
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 8 Attempted ring-rearrangement metathesis of diexo oxanorbornene b-amino acid derivatives (±)-28 and (±)-30.
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metathesis yielded various products. With second generation
catalysts, only ring opening took place, and compound (±)-33
was formed as the sole product. In contrast, rst generation
catalysts provided compound (±)-34 as the main product,
formed by cross enyne metathesis between (±)-33 and one
molecule of ethylene. ROM/CEYM product (±)-34 was
Scheme 9 Ring-rearrangement metathesis of diexo norbornene b-amin

© 2023 The Author(s). Published by the Royal Society of Chemistry
accompanied with small amounts of ROM product (±)-33 and
the desired RRM product (±)-35 (Scheme 9). G-1 catalyst gave
compound (±)-35 in the highest, but still low yield.

Then, diexo amide (±)-36, prepared via DCC-mediated ami-
dation of compound (±)-17 with propargylamine, was subjected
to ring-rearrangement metathesis. Mixtures of ROM/CEYM
o acid derivatives (±)-32 and (±)-36.

RSC Adv., 2023, 13, 22769–22776 | 22773
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Scheme 10 Ring-rearrangement metathesis of diendo norbornene b-amino acid derivatives (±)-39 and (±)-43.

Scheme 11 Attempted ring-rearrangement metathesis of oxanorbornene b-amino acid derivatives (±)-47 and (±)-50.

22774 | RSC Adv., 2023, 13, 22769–22776 © 2023 The Author(s). Published by the Royal Society of Chemistry
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product (±)-37 and the desired ROM/RCEYM product (±)-38
were obtained. With second generation catalysts, compound
(±)-37 was the main product, while rst generation catalysts
(especially G-1) preferred formation of compound (±)-38
(Scheme 9).

We continued our work with diendo analogues. Ester (±)-39
behaved similarly to its analogue (±)-32. With second gener-
ation catalysts, only ROM product (±)-40 was formed, while
rst generation catalysts provided ROM/CEYM product (±)-41
as the main product, (±)-40 as the minor product, and small
amounts of the desired RRM product (±)-42 (Scheme 10).
HG-1 catalyst delivered compound (±)-42 in the highest yield.
However, amide (±)-43 behaved in a different manner in
comparison with its stereoisomer (±)-36. Specically, with all
catalysts, a mixture of ROM product (±)-44, ROM/CEYM
product (±)-45, and RRM product (±)-46 was formed, and
their yields decreased in the order (±)-44 > (±)-45 > (±)-46. The
highest yield of the desired compound (±)-46 was achieved
with G-1 catalyst (Scheme 10).

Finally, oxanorbornene derivatives (±)-47 and (±)-50 were
subjected to metathesis reactions. The former was a propargyl
ester, while the latter was an N-propargylated amide. Unfortu-
nately, the desired RRM products were not formed. Only ROM
products (as minor products) and ROM/CEYM products (as
major products) were isolated. Treatment of the isolated ROM
products [(±)-48 and (±)-51] with metathesis catalysts failed to
trigger RCM (Scheme 11).

Conclusions

Synthesis of b-amino lactams and lactons with an 5,7-fused ring
system was attempted via ring-rearrangement metathesis of
various (oxa)norbornene b-amino esters and amides.

Allyl esters (±)-18, (±)-23, and (±)-28 as well as N-allylated
amides (±)-20, (±)-25, and (±)-30 failed to produce ROM/RCM
reaction, only ring-opening metathesis occurred. ROM of
diexo compounds (±)-18, (±)-20, (±)-28, and (±)-30 was usually
the most efficient with G-1 catalyst, while G-2 catalyst provided
the best yield in ROM of diendo compounds (±)-23 and (±)-25.

Metathesis reactions of propargyl esters of norbornene b-
amino acids (±)-32 and (±)-39 provided highly catalyst-
dependent outcome in most cases. With second generation
catalysts, only ROM products were formed. In contrast, rst
generation catalysts provided three-component product
mixtures, including the desired RRM products.

Metathesis reactions of oxanorbornene b-amino acid prop-
argyl ester (±)-47 and related N-propargylated amide (±)-50
failed to deliver ROM/RCEYM products. Instead, mixtures of
ROM and ROM/CEYM products were formed with the latter
providing the major products.

In metathesis reactions of N-propargylated amides of nor-
bornene b-amino acids, every catalyst provided RRM products.
In the case of diexo compound (±)-36, metathesis led to a ROM/
CEYM product (main product with second generation catalysts)
and an RRM product (main product with rst generation cata-
lysts). Subjecting diendo compound (±)-42 to olen metathesis
yielded three-component product mixtures. Yields of the RRM
© 2023 The Author(s). Published by the Royal Society of Chemistry
products were lower than those of ROM and ROM/CEYM
products.

To sum up, synthesis of 5,7-fused ring systems via ring-
rearrangement metathesis proved to be much more difficult
than previous syntheses of 5,6-fused ring systems. The probable
reason is the slightly strained nature of the seven-membered
ring, which greatly hinders ring closure. Further studies are
planned to fully investigate the capabilities and limitations of
ring-rearrangement of cycloalkene b-amino acid derivatives.
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